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Giant resonances (GR) are the most prominent feature of nuclei at high excitation energy. Recently,
the GR becomes an active issue again in relation with the structure of unstable nuclei. The major part
of GR’s strength is embedded in the continuous energy spectrum, at energies higher than the neutron and
proton separation energies. Thus, the coupling to the continuum is a key issue to understand the excitation
mechanism and damping of the GR.
It has been well-known that the effects of the continuum can be properly treated in the random-phase
approximation (RPA) with Green’s function in the coordinate space SB75. However, it is very difficult to
directly apply the method to deformed nuclei because construction of the Green’s function becomes a difficult
task for the multi-dimensional space. Recently, we have developed a numerical method of constructing the
three-dimensional (3D) Green’s function with a proper boundary condition and studied photoabsorptions
of molecules NY01-1. Although the method works successfully in calculations of response functions in
electron systems, complexity of nuclear Hamiltonian makes its application to nuclear physics harder NY01-
2. Therefore, we investigate an alternative treatment of the continuum in deformed systems; Absorbing
Boundary Condition (ABC) method. The ABC method was extensively utilized in a field of the quantum
chemistry, in order to study chemical reactions (for instance, see Ref. SM92). We have shown that the ABC
method is also very useful to treat the electronic continuum in molecules and clusters NY01-1. We are also
applying the ABC method to studies of the continuum effects in nuclear response NY02-1,NY02-2 and in
nuclear reaction UYN02-1,UYN02-2.
The essential trick for the treatment of the continuum in the ABC method is to allow the infinitesimal
imaginary part in the Green’s function, i, to be a function of coordinate and finite, i() SM92. The ()
should be zero in the interaction region and positive outside the physically relevant region of space. This
is equivalent to adding the absorbing potential to the original Hamiltonian, H ! H − i(). We adopt a
function form of (r) being linearly dependent on the radial coordinate r. The conditions and limitations on
() are discussed in a number of works (see Ref. SM92 and references therein).
In this work, we use ABC in the time-dependent Hartree-Fock calculations on a 3D coordinate grid.
In the real-time calculations, the linear response is computed by applying an impulsive external field to the
Hartree-Fock (HF) ground state, then calculating the expectation values of some observables as a function of
time, and then Fourier transforming to get the energy response YB96,NY01-1,NY02-2. Since all frequencies
are contained in the initial perturbation, the entire energy response can be calculated with a single time
evolution.
We use the Skyrme energy functional of Ref. BFH87 with the SGII parameter set GS81. For calculations
of the HF ground state, the imaginary-time method of Ref. Dav80 is utilized. For the time evolution of
the TDHF state, to which the time-odd components in the energy functional also contribute, we follow
the prescription in Ref. FKW78. The model space is a sphere whose radius is 22 fm. The absorbing
potential,−i(r), is zero in a region of r < 10 fm, while it is non-zero at r > 10 fm. The TDHF single-
particle wave functions are discretized on a rectangular mesh in a 3D real space. In order to reduce number
of mesh points outside the interaction region, we employ curvilinear coordinates which are mapped by a
change of coordinates to an adaptive mesh in Cartesian coordinates MZK97. More details will be published
in our forthcoming paper NY02-3.
In this paper, we discuss an application of ABC to the isovector giant dipole resonance (GDR) in 24Mg.
The density distribution of the ground state has a prolate shape. In Table tab:spe, calculated single-particle
energies of neutrons and protons are listed. The deformation lifts the (2j + 1)-fold but not the Kramers
degeneracy. The energies of the highest occupied single-particle orbitals for neutrons and protons are −14.4
MeV and −9.7 MeV, respectively. Since the height of Coulomb barrier for protons is 4  5 MeV, the
nucleonic continuum plays an effective role when the nucleus gets excitation energy larger than 14  15
1
MeV.
We take an initial external field as equation Vext(t) = k f12 (1− τz) e− ZeAg δ(t), V ext
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